and is often associated with invasive infections and high rates of mortality. Vancomycin has remained the mainstay of therapy for serious Gram-positive infections, particularly MRSA BSI; however, therapeutic failures with vancomycin have been increasingly reported. We conducted a comprehensive evaluation of the factors (patient, strain, infection, and treatment) involved in the etiology and management of MRSA BSI to create a risk stratification tool for clinicians. This study included consecutive patients with MRSA BSI treated with vancomycin over 2 years in an inner-city hospital in Detroit, MI. Classification and regression tree analysis (CART) was used to develop a risk prediction model that characterized vancomycin-treated patients at high risk of clinical failure. Of all factors, the Acute Physiology and Chronic Health Evaluation II (APACHE-II) score, with a cutoff point of 14, was found to be the strongest predictor of failure and was used to split the population into two groups. Forty-seven percent of the population had an APACHE-II score < 14, a value that was associated with low rates of clinical failure (11%) and mortality (4%). Fifty-four percent of the population had an APACHE-II score > 14, which was associated with high rates of clinical failure (35%) and mortality (23%). The risk stratification model identified the interplay of three other predictors of failure, including the vancomycin MIC as determined by Vitek 2 analysis, the risk level of the source of BSI, and the USA300 strain type. This model can be a useful tool for clinicians to predict the likelihood of success or failure in vancomycin-treated patients with MRSA bloodstream infection.
Methicillin-resistant Staphylococcus aureus (MRSA) is a common cause of bloodstream infection (BSI) and has been associated with mortality rates of between 20 and 30% (16, 18, 24, 30, 33) . Invasive infections caused by MRSA have been implicated in over 18,000 deaths annually (14) . Vancomycin has remained the mainstay of therapy for serious Gram-positive infections, particularly MRSA BSI; however, therapeutic failures with vancomycin have been increasingly reported (3, 7, 24) . There is also growing evidence that infection with an organism with an increased vancomycin MIC that is still within the susceptible range may also be associated with increased rates of vancomycin failure (9, 23, 29, 30) . Evidence suggests that the increased risk associated with a vancomycin MIC of 2 g/ml is not mitigated by targeting higher vancomycin trough concentrations in the range of 15 to 20 g/ml (9) . It has been postulated that strategies such as increasing the vancomycin trough concentration or the area under the curve (AUC)/MIC ratio may theoretically be associated with better outcomes in MRSA BSI; however, this has yet to be proven in prospective clinical trials (27) .
Given the emerging information relating to outcomes of vancomycin treatment in cases of MRSA BSI, a comprehensive evaluation of patient, infection, strain, and treatment characteristics is necessary to determine which factors, or combination of factors, is most predictive of outcome and what, if any, treatment strategies can improve outcome. Traditionally, studies evaluating MRSA BSI lacked one or more of these factors. Studies evaluating outcome in cases of MRSA BSI have traditionally used the logistic regression model, which relies on classical statistical principles to determine the odds ratio as the measure of likelihood of risk for a specific outcome. However, the application of odds ratios to the clinical care of patients is often difficult, as it cannot account for patients with multiple risks or the complex interplay among the various factors unless they are specified in the analysis. The purpose of this study, therefore, was to conduct a comprehensive evaluation of the factors involved in the etiology and treatment of MRSA BSI in vancomycin-treated patients in order to develop a risk stratification tool for clinicians that characterizes those patients at high risk of failure.
(This study was presented in part at the 19th European Congress of Clinical Microbiology and Infectious Diseases, Helsinki, Finland, May 2009, abstr. P-1861 [25a] .)
MATERIALS AND METHODS
Study design and data collection. A retrospective cohort design was employed, using clinical failure as the primary outcome. Consecutive patients with either primary or secondary MRSA BSI were hospitalized between July 2005 and October 2007 at a 900-bed tertiary-care hospital in Detroit, MI. MRSA bloodstream isolates were prospectively identified over the study period, and the initial MRSA blood culture was collected and stored as part of another study. For inclusion into this study, subjects had to have received active treatment within 48 h of the onset of infection and had to have received at least 48 h or more of vancomycin therapy. This study was consistent with the principles of the Declaration of Helsinki and was approved by the Institutional Review Board at Henry Ford Hospital, which provided a waiver of informed patient consent due to the nature of the study. Clinical data collection was conducted using a standardized case report form. Data were also abstracted from the medical record at certain time points during therapy (days 0, 1, 2, 3, and 30 and the end of therapy). These included antibiotic agents administered, pharmacokinetic indices for vancomycin, serum vancomycin levels, serum creatinine levels, creatinine clearance, cumulative daily vancomycin dose, the presence or absence of positive or negative cultures on the day of evaluation, and the presence or absence of a removable source of infection.
Vancomycin dosing strategies and assessment of vancomycin pharmacokinetics. All patients were initially dosed with vancomycin by the use of either the hospital-approved dosing nomogram, which has been adapted from a previously validated nomogram to achieve vancomycin trough values of 10 to 20 g/ml (13), or individualized dosing by pharmacy services, using both predicted empirical and calculated pharmacokinetics for definitive treatment. Hemodialysis patients were given doses determined empirically using a previously established dosing regimen that has been shown to achieve predialysis vancomycin levels of 5 to 20 g/ml (1). Predialysis follow-up levels were evaluated by the clinical pharmacist, and the maintenance dose was adjusted to achieve a predialysis vancomycin level of more than 15 g/ml. For the purposes of evaluating pharmacokinetic indices, patients on hemodialysis (n ϭ 42) or those with acute renal failure (n ϭ 54) at the onset of infection were excluded from the analysis. Vancomycin trough values were obtained from serum concentrations collected within the hour prior to the next dose at steady-state conditions (3 half-lives). True trough values were calculated for all patients by mathematical extrapolation using equations 1 through 3 as follows: for equation 1, estimated creatinine clearance ϭ (140 Ϫ age in years)(IBW)/(72 ϫ S cr ) ϫ 0.85 (for women); for equation 2, true trough ϭ measured concentration ϫ e (Ϫke ϫ true time Ϫ actual time)
; and for equation 3, ke ϭ 0.00117 ϫ CrCl ϩ 0.003. For these equations, IBW represents ideal body weight [for men, 50 ϩ (2.3 kg ϫ inches of height above 60); for women, 45 ϩ (2.3 kg ϫ inches of height above 60)], S cr represents serum creatinine concentration, ke represents the elimination rate constant, true time represents correct time for trough assessment, actual time represents actual time of trough assessment, and CrCl represents creatinine clearance.
Definitions. The duration of bacteremia was calculated as the number of days the blood cultures were documented to be positive for MRSA. Epidemiologic classification was based on the presence or absence of health care risk factors and determination of whether the acquisition was the result of community or hospital onset, as previously described (15) . The suspected source of the BSI was identified by chart review using CDC definitions for nosocomial infection (10) . The sources of BSI were classified into 3 categories: low-risk sources (related mortality rate of Ͻ10%), which included intravenous catheter, urinary tract, earnose-larynx, gynecologic sources, and several manipulation-related sources; intermediate-risk sources (associated mortality rate of 10 to 20%), which included osteoarticular sources, soft tissue sources, and unknown sources; and high-risk sources (mortality rate of Ͼ20%), which included endovascular sources, lower respiratory tract, abdominal sources, and central nervous system (CNS) foci as previously described (18, 30) . Patients with 2 or more possible sources of BSI (e.g., 1 low-risk source and 1 high-risk source) were classified as having the higher or highest risk source. Concomitant therapy was defined as treatment with either aminoglycoside or rifampin for 3 days or more in addition to vancomycin. Concomitant therapy was defined as early (Յ48 h) or late (Ͼ48 h) in relation to initiation of therapy.
Thirty-day mortality was defined as mortality occurring in the 30-day period following acquisition of the index culture. Microbiologic failure was defined as growth of MRSA from a blood culture at Ն7 days from the index culture while the patient was receiving therapy. was subjected to pulsed-field gel electrophoresis (PFGE) typing using methods previously described (4, 21) . The following S. aureus strains were used in performance of the tests: ATCC 29213, Mu3, and Mu50. The vancomycin MIC was determined by automated microdilution with Vitek 2 (bio-Merieux, Durham, NC), Etest (bio-Merieux, Durham, NC), and manual broth microdilution (6) . All manually determined MICs were from examinations by a single observer. Inducible clindamycin resistance was determined using the D-zone test as described by the CLSI (5). Vancomycin MBCs were determined using previously established methods (6, 26) . The MBC was reported in micrograms per milliliter in the same manner as used for the MIC. Vancomycin tolerance was defined as an MBC/MIC ratio Ն 32 g/ml. Isolates were tested for hVISA by the use of the macrodilution Etest method (bioMerieux, Durham, NC) as previously described (34) . Genomic DNA for PFGE was prepared, digested with SmaI (New England BioLabs, Beverly, MA), and processed using a CHEF-DR III system (Bio-Rad Laboratories, Hercules, CA) and a previously described method (21) . PFGE patterns were compared using BioNumerics software (version 3.5; Applied Maths, Belgium). Multiplex PCR was performed to identify staphylococcal cassette chromosome mec (SCCmec) types I to V using a previously described method (36) . The accessory gene regulator (agr) locus, in addition to the presence of the Panton-Valentine leukocidin (PVL) toxin genes lukS-PV and lukF-PV, was determined for all isolates (17, 31) .
Statistical methods. Descriptive characteristics are reported as percentages with means Ϯ standard deviations (SD) or medians with interquartile ranges (IQR). Categorical variables were analyzed using the chi-square test or the two-sided Fisher's exact test as appropriate. Continuous variables were analyzed using the independent-sample t test or the nonparametric Mann-Whitney U test as appropriate. A P-value Ͻ 0.05 was considered statistically significant.
CART analysis. We used Classification and Regression Tree (CART) analysis to develop a prediction model for clinical failure (35) . The prediction model was generated using all patient, strain, and infection variables in addition to treatment variable data collected during the first 3 days of vancomycin therapy.
CART analysis, or binary recursive partitioning analysis, uses a nonparametric analytical approach that identifies the variables most predictive of the outcome of interest and subsequently develops a predictive model for classification of future subjects. Unlike multivariable logistic regression analysis, it is ideally suited for generation of a clinical decision model, as it can reveal important relationships between variables that can remain hidden when using other types of analyses. CART analysis begins with the root node (all subjects) and then determines which variable has the highest predictive ability. Subsequently, it determines the optimal split (cutpoint) for this variable that partitions the population into 2 child nodes with distinctly different outcomes. Every value of the predictor variable is tested for its potential as a split value, and the program determines the most predictive splitter. Each child node can then itself become a parent node that produces its own child nodes. The process continues to classify the subjects until no further variables of predictive importance are identified (2, 8) .
To avoid model overfitting, we first identified a subset of variables based on their importance (from high [e.g., 100%] to low [0%]), which can be interpreted as the degree of masking of the tree structure or predictive ability for classification; this method is similar to the use of a univariate analysis approach before multivariable modeling is performed. Before the multivariable modeling, a set of battery tests were performed to select the minimum numbers of observations composing a parent or child node, the number of folds for a cross-validation, and the optimal splitting methods. We then fit the model using variables with a relative importance value of 20% or higher. The receiver operating characteristic (ROC) curve was calculated on the basis of the learning data and testing data. The ROC value was reported in the range of 0 to 1, where 0.70 or above is considered to represent a good prediction. CART analysis was conducted using CART 6.0 software (Salford Systems, San Diego, CA).
RESULTS
During the study period, 288 consecutive patients with MRSA BSI were identified. Patients were excluded if they had been treated with vancomycin within Ͻ48 h of presentation (n ϭ 24), had been treated with another agent(s) (n ϭ 30), had 4582 MOORE ET AL. ANTIMICROB. AGENTS CHEMOTHER.
received no treatment (n ϭ 6), were Ͻ18 years of age (n ϭ 2), had an incomplete medical record (n ϭ 15), had been transferred to another facility (n ϭ 5), or had a nonevaluable outcome (n ϭ 6). A total of 200 consecutive subjects treated with vancomycin were evaluated. The baseline characteristics of the study population can be found in Table 1 . Overall, the majority of the population was African-American (70%) and male (57%), with a mean age of 57 Ϯ 17 years. Cardiovascular disease (39%) and diabetes (42%) were common, and 57% of the population had been hospitalized within the previous year. Table 2 and Table 3 ). Patients with treatment failure were more likely to have cardiovascular disease (34 versus 55%; P ϭ 0.009), to have acute renal failure (22 versus 45%; P ϭ 0.002), and to be immunosuppressed (11 versus 23%; P ϭ 0.034). Success was more common in those with a history of intravenous drug abuse (IVDA) (27 versus 11%; P ϭ 0.021). Source removal and initial vancomycin trough were not associated with outcome; however, a higher definitive vancomycin trough value was associated with failure (17 Ϯ 6 versus 21 Ϯ 7; P ϭ 0.044). Early concomitant therapy with either aminoglycoside (99%) or rifampin (1%) was associated with success (33 versus 17%; P ϭ 0.032). A higher APACHE-II score (14 Ϯ 8 versus 19 Ϯ 9; P ϭ 0.001) and risk level of the source were also associated with failure. Infection with a USA600 PFGE strain was associated with failure (0 versus 11%; P ϭ 0.001).
CART modeling. All variables were evaluated for inclusion in the final model. These included all patient, strain, and baseline infection characteristics in addition to infection characteristics (e.g., source removal) and treatment characteristics (e.g., vancomycin serum concentrations) over the first 3 days of therapy. Eight variables were found to have a relative importance level of at least 20%: APACHE-II score; risk level of the source; USA100 PFGE type; agr locus; IVDA; vancomycin MIC as determined by Vitek 2; vancomycin MIC as determined by Etest; and USA300 PFGE type. Because the USA100 PFGE type, USA300 PFGE type, and agr locus were highly correlated (correlation coefficients Ͼ 0.80), only the USA300 PFGE type was included in the initial multivariable model. Four variables remained in the final model, which had estimated predictive-ability ROC values of 0.74 based on the learning data and 0.73 based on the testing data determined using a 50-fold cross-validation approach (see Fig. 1 ). The final decision tree consisted of 5 terminal nodes.
Of all the factors, the APACHE-II score was found to be the variable most predictive of treatment failure; a cutpoint score of 14 split the population into two distinct groups. Forty-seven percent of the population had an APACHE-II score Ͻ 14 and a low (11%) rate of clinical failure, with an associated mortality rate of 4%. Fifty-four percent of the population had an APACHE-II score Ն 14 and a higher (35%) rate of clinical failure, with an associated mortality rate of 23%. Despite those with APACHE-II score Ͻ 14 having a low rate of clinical failure or mortality, the vancomycin MIC value (as determined by Vitek 2 analysis) was found to have predictive ability, splitting this population into two distinct groups. Ninety-five percent of subjects had an APACHE-II score Ͻ 14 and a vancomycin MIC Յ 1 g/ml, and this group also had low rates of clinical failure (8%) and mortality (5%). Subjects in this group had a mean age of 51 Ϯ 16 years, a low prevalence of cardiovascular disease (23%), diabetes (30%), and acute renal failure (18%), and a high prevalence of IVDA (42%). Community- associated infection was common (44%), with 43% of the subjects having a skin or wound source and 17% experiencing endocarditis. Fifty-eight percent had a USA300 infection. The small (n ϭ 5) proportion with an APACHE-II score Ն 14 and a vancomycin MIC of 2 g/ml had a high (60%) rate of clinical failure. All of the failures in this group were due to microbiologic failure, with a mean (Ϯ SD) duration of bacteremia of 9 Ϯ 8 days. These subjects had a mean age of 55 Ϯ 17 years, and cardiovascular disease (40%), diabetes (60%), and acute renal failure (40%) were common. Most infections were associated with health care but were community onset (80%). Pneumonia (40%) and central venous catheters (CVC) (40%) were common sources of infection. All 5 of these subjects had a USA100 isolate infection.
In comparison, in those with an APACHE-II score Ն 14, the variable most predictive of failure was found to be the source of the BSI. Thirty-five percent of those subjects had an infection from a low-risk source, most frequently catheter related, and the subjects had lower rates of clinical failure (14%) and mortality (8%), whereas 65% had infections from an intermediate-or highrisk source and high rates of clinical failure (46%) and mortality (31%). In those with infections from a low-risk source, the strain type of the infecting strain was the variable most predictive of clinical failure. Subjects infected with a USA300 strain were found to have a 36% clinical failure rate and an associated mortality rate of 27%. These subjects had a mean age of 61 Ϯ 18 years, were commonly being treated by hemodialysis (73%), and had high prevalences of cardiovascular disease (64%) and diabe- c Subjects with acute renal failure at the baseline of infection or those on chronic hemodialysis were excluded from the vancomycin trough evaluation. The numbers of evaluable subjects were 88 for the initial trough and 78 for the definitive trough. The initial vancomycin trough was defined as the trough attained with the first 72 h. The definitive vancomycin trough was defined as the trough attained after the first 72 h.
d Early concomitant therapy was defined as concomitant treatment with either aminoglycoside or rifampin for 3 days or more within the first 48 h.
tes (46%) and low prevalences of acute renal failure (18%) and IVDA (9%). All of the infections were associated with health care, with 73% community onset. All of the infections were caused by a USA300 MRSA strain and had a CVC source, and 27% had a vancomycin MIC of 2 g/ml by Vitek 2. Subjects infected with a non-USA300 isolate had a 4% clinical failure rate and a 0% mortality rate. These subjects had a mean age of 64 Ϯ 15 years and were commonly being treated by hemodialysis (54%). Cardiovascular disease (46%) and diabetes (54%) were common, and there were low prevalences of acute renal failure (15%) and IVDA (0%). All infections were associated with health care, with 81% community onset. Most of the infections were caused by a USA100 MRSA strain (92%) and had a CVC source (81%), and 15% had a vancomycin MIC of 2 g/ml as determined by Vitek 2 analysis.
For those with an APACHE-II score Ն 14 and intermediate-or high-risk infection sources, there was no other characteristic that was predictive of clinical failure. These subjects had a mean age of 62 Ϯ 17 years, with high prevalences of cardiovascular disease (53%), diabetes (51%), and acute renal failure (40%) and a low prevalence of IVDA (10%). Most (79%) infections were associated with health care, with 63% community onset. Most infections were caused by either a USA100 (51%) or a USA300 (31%) strain, and common sources of infection were skin or wound (34%), pneumonia (17%), and endocarditis (7%). All the graft or device infections in the study population were found in this group (13%).
As it is typically not possible to determine the drug MIC until 2 to 3 days into treatment, we conducted a post hoc evaluation to determine whether prior exposure to vancomycin at the baseline could be used to predict the likelihood of a higher vancomycin MIC by the 3 methods evaluated. The MICs and frequencies of prior vancomycin exposure determined by each of the MIC testing methods were as follows: for broth microdilution, MIC of 0.25 (18%), 0.5 (20%), 1 (40%), and 2 (100%) (P ϭ 0.032); for automated microdilution (Vitek 2), MIC of Յ1 (20%) and 2 (47%) (P ϭ 0.017); and for the Etest, MIC of 1 (15%), 1.5 (20%), and Ն2 (38%) (P ϭ 0.051).
DISCUSSION
The present report clearly outlines the complex interplay of factors involved in the outcome of MRSA BSI and presents a clinically useful risk stratification tool that can serve to identify a distinct population of vancomycin-treated patients at both low and high risk of clinical failure. Those patients with intermediate-or high-risk sources of infection in combination with an APACHE-II score of 14 or greater, representing the patient group that comprised 35% of the total population, are particularly vulnerable to clinical failure. However, this evaluation was also able to identify a large (44% with APACHE-II score Ͻ 14 and vancomycin MIC Յ 1 g/ml) subset of vancomycin-treated patients who were at a markedly low risk of failure (8%). We also demonstrated that strain-related characteristics such as the vancomycin MIC and the USA300 strain type can have important prognostic value in the prediction of clinical outcome.
Importantly, the present analysis did not find any modifiable factors (e.g., treatment characteristics) that significantly influenced outcome when all factors were considered. The initial vancomycin trough value was not associated with outcome, and although higher definitive trough values were associated with failure and early concomitant therapy was associated with success in bivariate analysis, these factors did not have any predictive ability when multivariable modeling was conducted. Recent consensus guidelines recommend targeting a vancomycin trough concentration of 15 to 20 g/ml for treatment of bacteremia caused by S. aureus; however, there are no prospective and limited observational clinical data supporting any trough target in MRSA BSI (9, 27) . A retrospective investigation of MRSA BSI recently found that a lower initial vancomycin trough value (Ͻ15 mg/dl) was an independent predictor of failure (16) . However, although this evaluation included a large number of patients, it is unclear how patients in acute renal failure or those on hemodialysis were evaluated, particularly at the steady state, as initial vancomycin levels were available for most (96%) of the study patients. Additionally, targeting a vancomycin trough concentration of 15 to 20 g/ml may be associated with harm to patients, as recent data indicate a greater risk of nephrotoxicity with higher doses of vancomycin or increasing trough concentrations (9, 12, 16, 19, 20) . The determination of the optimal pharmacokinetic target for vancomycin dosing likely requires further prospective clinical evaluation; however, our data indicate that a higher trough concentration contributed little to the outcome of infection and other studies have demonstrated that this approach may pose a hazard to subjects (9, 12, 19, 20) . Ultimately, this study has shown that, while characteristics such as vancomycin trough concentration, use of concomitant therapy, change to an alternative agent, and prompt removal of the infectious source do influence outcome, the effect is outweighed by the impact of nonmodifiable factors (e.g., the infection source) involved in the pathogenesis of MRSA BSI.
We found that the vancomycin MIC can have important prognostic value for vancomycin-treated patients. Furthermore, the method for determination of the MIC was found to be of importance in this study. However, we also found significant discordance between the three methods with respect to the vancomycin MIC values determined, with the Etest commonly reporting MIC values 1.5 to 2 times higher than those reported by the gold standard, manual broth microdilution (11, 28) . We evaluated all three methods and found the vancomycin MIC determined by Vitek 2 to be the value most predictive of clinical failure, a result that is also supported by a recent study by Hsu et al. (11) . As recent attention has focused on poorer outcomes associated with higher vancomycin MICs that are still within the range indicating susceptibility of the organism, these findings suggest that automated MIC testing may be preferable to manual methods for the purposes of outcome prediction.
In patients with higher severity of illness (APACHE-II score Ն 14) and low-risk sources of infection, the majority of the infections were related to catheter use, and strain type became important in the prediction of outcome. Those infected with USA300 MRSA, all of which were catheter-related infections, had particularly poor outcome rates (36% clinical failure, 27% mortality) in comparison to the rates determined for those with non-USA300 MRSA strains, who had far better outcomes (4% clinical failure rate, 0% mortality rate). Although both groups had health care-associated disease, the data clearly suggest a strain-related influence on outcome for these patients. The USA300 group also had a higher proportion of isolates with a vancomycin MIC of 2 g/ml by Vitek 2 (27%). These findings could suggest decreased activity of vancomycin or could be evidence of a changing epidemiology and adaptation of USA300 from a community-associated strain commonly causing infections of the skin and soft tissue in younger patients to that of a strain occurring in older, sicker patients with health care risk factors. Recent studies have documented the considerable presence of USA300 in the health care setting, and the emergence of resistance to other antimicrobials in USA300 MRSA was recently reported, with investigators suggesting horizontal plasmid transfer from nosocomial USA100 MRSA isolates (22, 32) . Previous work by the current investigators has demonstrated higher clinical failure rates in the treatment of USA300 MRSA infections when a health care association was present compared to communityassociated disease (25) . The results from this study highlight an important relationship and perhaps an emerging pattern of concern in the epidemiology of USA300 MRSA.
In this study we did identify a large subset of vancomycintreated patients who are at a markedly low risk of failure, in particular, those with an APACHE-II score Ͻ 14 and an isolate with a vancomycin MIC of 1 g/ml or less. And yet measurements of health care utilization such as length of stay and treatment duration were found to be comparable to those determined for the members of the other groups who experienced poorer outcomes. This group tended to have more community-associated disease, a skin or wound source of BSI, a higher proportion of intravenous drug users, and BSI with strains with lower vancomycin MICs. These patients may be an ideal population for the evaluation of strategies aimed at reducing unnecessary exposure to antibiotics or potential opportunities to reduce health care utilization. Examples of this might include examining shorter courses of therapy or a more expedient transition to the outpatient setting. The weaknesses of this study relate to its retrospective nature and that it was conducted at a single center, and the external validity may be limited, as the study population was younger and mostly African-American and had a high prevalence of IVDA. However, the consecutive nature of patient selection and the extensive patient, strain, infection, and treatment information collected and analyzed are strengths of the study. Previous studies have traditionally lacked complete strain information; we have found that such information is an important factor in the prediction of outcome. By developing this risk stratification model, we have uncovered the complex interplay of factors associated with outcome in MRSA BSI, particularly the outcome for patients with multiple predictive factors. The lack of such factors has been an important weakness of previously conducted studies, which traditionally used linear regression analyses, limiting their application to clinical practice.
The present-day population experiencing MRSA BSI is diverse and heterogeneous, which highlights the value of a risk stratification tool that can be applied to clinical practice. In addition to identifying those at high risk of clinical failure, we have also identified a large population of vancomycin-treated patients at particularly low risk of clinical failure. Further investigation into both of these groups is warranted. This study ultimately found that the interplay of factors involved in the etiology and management of MRSA BSI is complex, which highlights the limitations of a "one size fits all" approach.
